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This report covers work performed during the period I July 1%2

throuxh 30 June 1964 under contract betveen the Office of Civil Defense

and the National Acadewy of Sciences. vith the U. S. Forest Service, the

National Bureau of Standards, and the National Science Foundation as co-

sponsors. On I July 1964. the National Science Foundation entered into a

separate contract with the National Academy of Sciences. and the Office of

Civil Defense continued its contract with the Forest Service and the National

Bureau of Standards as co-sponsors.

OVUMTIO FABEAU

On 6 November 1962. the Director of Research of the Office of

Civil Defense, sent a letter to the Comadttee on Fire Research asking for

assistance on a project entitled "Operation Flambeau." (Appendix A)

T1- Research Directorate of the OCD had been "eaploring the pos-

sibtlities of an effective research approach to the mass fire problem. a

most controversial area mong both authorities sod laymmn interested in

civil defense. The need for definitive information on the nature of fire

storms and conflagrations in order to develop counterueasures and design

requiremientc for shelters io pressing. Although a number of projects are

being pursued in this area, it is believed that novel experimental plans

must be developed if mtajor progress is to occur .... It appears feasible

to produce A mis' fire ever at least one square cile under controlled and

instruaented condition;k."

The Cornittee on Fire Research met in the Pentagon on 27 November

1962 for briefing on Operation Fl1 teau by the OCD and to hear reports of

so;-e work alcjady -;ponsored by CCD.
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In the briefing. OCD divided its present sponsored work into

three categories:

1) Basic research - review of veapons tactics, fire charac-
teristics, vulnerability, psychological and physiological
effects of fire on personnel.

2) Countermeasures - attenuation of thermal radiation and
reduction of vulnerability.

3) Control measures - detection, command problems, operational

analysis, training methods and fire-fighting techniques.

In particular, the OCD mentioned projects on the interrelation and inter-

actions of mass fire and environment; a fire spread model input data for

the computer program; and a large project on prevention and control of mas

fires having four areas - first, an evaluation of fire development and spread

in urban areas (mainly historical); second, determination of required fire

control by studying fire development and extinguishing media and equipment;

third, evaluation of effectiveness of personnel and fire control efforts,

both in ordinary situations and then as applied to life in shelters; and

fourth, reduction of fire vulnerability in urban areas, studying actual

shelters of various sizes and various structural types and analyzing for

the type of fire protection system needed. One other small project was

described - fire environment analyses, a model approach to an understanding

of the fire column by measuring temperature velocity and gas composition

with the gas column.

This was the background against which Operation Flan-beau was

discuosed. The Forest Service had informed the OCD that it could supply a

"big!' fire when needed; this would be a continuation of the Forest Service

project on mass fire and environment. The size of the fires would be in-

creased to 60 acres and after that to the one square mile.
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Wl;a. w, ;•DL known was whaL questions could be ansý;ered throuSh

mass fire tLstin6, how big the fire should be and how many fires would be

needed. \'ry little is known about what is meant by the word, "fire storm."

The Chairman •,entioned some of the unknowns; - it is possible that a fire of

enormous extent ,might well not involve large velocities; it is not "wn

whether atmospheric lapse rate, or "circulation," or what, is needed to

produce fire-storm conditions; the proper design of a large experiment to

study fire storms is unknown. There may be a temptation to assume that there

is already a.,aiia:'ie a system of equatiors expressing vertical and radial

force balances, mass transfer phenomena, heat transfer phenomena, and other

items; but this is not so. The fundamentals of large fires may not be pro-

ductive within a stated length of time; but they are essential if the answer

is to be found. These are problems of a complexity that force the support

of a significant amount Af pure analysis.

The Director of Research of OCD had stated in his letter of

6 November that there was need for "definitive information on the nature

of fire storms and conifloyrations in order to develop countermeasures and

design requirements for shelters." The Committee agreed that this was most

desirable but could not see how any prognosis could be made on the length of

time to acquire it.

In the course of the general discussion that follc'wed, many

questions were posed and the Chairman of the Committee on Fire Research

listed a number of questions for which answers would be needed in toto or

in part before a large experimental fire could be set with any hope of sirrUla-

tion and even then it would be experimentally experimental. He summed up
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the discussion by saying "I do not want to be misunderstood. My viewpoint

is that an informed pessimism is the best atmosphere for the design of a

good experiment."

In closing the Chairman indicated that the operation of such a

project as Flambeau should be in charge of a full-time, hard-wcrking group.

He stated that the Comm.ittee would gladly do what it could on the problem.

On 15 January 1963, Mr. Christian in a letter to the Executive

Secretary of the Committee on Fire Research presented the following ques-

tions as a restatement of what OCD would like to have from the Committee:

1) What are the Committee's coments of the present state
of OCD's fire research program and the approach to it?

2) What specific problems could be solved by short-term
research studies?

3) What mass fire testing is desirable for our research
problems?

4) What are the Conimittee's ideas of the type of organizational
structure that would be required to undertake whatever mass
fire testi.ig is desirable?

In a follow-up letter on 23 January, attention was called to the third

question to note that OCD had changed from "asking advice on a one-square

mile fire, per se, to what mass fire (or large fire) testing is desirable."

On 18 J:nuary, the Committee sent a letter to some thirty persons

interested in fire research, posing five questions designed to bring in

opLnions that would prove helpful in planning Operation Flambeau.

I) His our measurement capability with fires of smaller size
developed to the state that we are able to technically
characterize them?

2) If so, do we have sufficient understanding of their behavior
to describe the variables which must be controlled to achieve
reproducibility?
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3) To what extent can the behavior of experimental fires of this
type be reproduced at different times and with differing fuel
variables?

4) Has there been any systematic study of the influence of ambient
weather, including wind conditions and lapse rate, on the be-
havior of such experimental fires?

5) Do we have any basis for correlating the behavior of wild land

fires with those of urban character?

The letter requested that the Committee be furnishud with references to or

preferably copies of reports or papers on:

1) Technical studies of outdoor fires.

2) Results of analysis of experimental or natural outdoor fires,
especially those studies directed toward finding the control-
ling variables.

3) Laboratory-type tires in which an attempt has been made to

relate such fires to behavior of large area outdoor fires.

On 29 January, several members of the Committee on Fire Research

met with the Chairman in Cambridge, Massachusetts to discuss a reply to the

request of OCD in connection with Operation Flambeau. As a result of this

meeting, on 30 January the Lhairman wrote a letter to the Director for Re-

search of OCD stating his personal views. (Appendix B). Several members

of the Committee also wrote to the Director of Research sending their personal

opinions.

On 5 April 1963, a meeting of the Committee was held in Washington,

D. C. for further discussion of Operation Flambeau and the drafting of a

formal answer for the Office of Civil Defense.

This letter, dated 17 July 1963, signed by all members of the

Committee on Fire Research and addressed to Mr. Walmer E. Strope, Director

for Research, Office of Civil Defense, was submitted to Mr. Strope by
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Dr. S. D. Cornell. Executive Officer, National Academy of Sciences on 19 July

1963. (Appendix C)

"A STUDY OF FIRE PROBLENSM' (Report of a Summer Study airranged by the
Com•nittee on Fire Research. Held in Woods
Hole, Massachusetts in 1961)

This report had wide distribution and its recommendations were

reviewed and considered, favorably and unfavorably, in many places. Among

them was the Federal Council for Science and Technology which referred the

report to the Department of Commerce for further consideration of the con-

clusions and reconmmendations therein. (Appendix D)

A meating of the Fire Research Conference had been held on 14 June

1962, attended by the Assistant Secretary for Science and Technology of the

Department of Cotmnerce who asked at that time for written comments on the

recommendations of the Woods Hole Report. A subcoamittee of rhe government-

connected members of the Conference was appointed by the Chairman of the

Conference to study the report, look at what was recommended, assess the

reaction of their tespective agencies to the recomnendations, decide how

much of this should be done, and what the priorities should be. Dr. Richard

Tuve of the Naval Research Laboratory was appointed Chairman of this

subcommit tee.

In August 1962, the Assistant Secretary of the Department of

Comrmerce wrote the Chairman of the Committee on Fire Research: "In connection

with the Department's responsibility to establish a program to increase

Federal sipport and participation in the Nation's fire research efforts, I

have asked Dr. 1. C. Schoonover, Associate Director, National Bureau of
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Standards, to assist me in formulating a plan to implement the reco mendatioas

of the Committee on Fire Research."

From time to time, Dr. Schoonover conferred with members of the

Committee on Fire Research and the National Bureau of Standards included in

its FY '64 budget a proposed fire technology program.

The House Appropriations Committee held closed sessions on the

budget and there appeared to be strong opposition to the program outline by

the National Bureau of Standards.

On 4 April 1963, Dr. Schoonover called a weting at the National

Bureau of Standards for the purpose of attempting to clear up the apparent

misunderstanding regarding the proposed fire technology program. Some

members of the Committee on Fire Research attended, together with repre-

sentatives of diverse interests in the fire problem. It seemed that the

misunderstanding of the program stemmd back to an early draft of a survey

conducted in April 1962, intended only to be tentative and for use in further

study. Of the program resulting from Dr. Schoonover's subsequent work,

Dr. Schoonover said "the program curre, -ly proposed by the National Bureau

of Standards was drafted after many discussions with individuals in the

fire technology field and it differs significantly from the earlier drafted

program. The currently proposed program is aimed solely at providing

assistance to existing organizations which are conducting effective programs

to reduce losses resulting from unwanted fires. It is our belief that pro-

viding support to these groups would be the most effective and efficient

means for providing Federal assistance to tnis national problem."
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Dr. S.-1no--ovet explained that after the initial survey, the

Department of Co:ý,w.rcc prepared a three-pronged program: (1) to increase

support of the work olf he Bureau of Standards in fire research including

a full-time director; (2) suppoi, in the amount of $500,000 to provide the

Bureau with capability for cotILract research in a number of areas in which

the B'-reau is not capable of work; (3) explore the possible establishment

of a regional tire center at a university as a test case to see if it would

serve. The total budget suggested was $1,20C,O00; 500 thousand for the

Bureau's work; 500 thousand for contract work; and 200 thousand for the

regio-al study experiment.

On 5 April 1963, the Committee on Fire Research met in Washingtcn.

Dr. Schoonoler atteaded and further discussion was given to the proposal of

the Natic,.al Bureau oi Standards. It was Dr. Schoonover's impression that

there was acceptance of the program and no real objection to expaiasion as

given in the present request to Congress, but he felt there was still mis-

underctanding about funds for contracting and there were mixed feelings

about an experimental region-i center, through fear of dup•ic.ting what has

already been done.

The Chairman of the Conmnittee on Fire Research noted that the con-

cept of this ,rogram is different from the concept of the Woods Hole Report.

ile thought that it .as clear that some of the objections voiced at the NBS

reeting were a protest not of a changed prograrm but of any increase whr-~n-

ever in fire activity under Federal control.

The Woods Holo Report describes the Fedeial interest in fire in

this manner: "fin problt _s of fire are only in part the technical problems

of prevention, detection, and extinguishment. They also cut det ply into the

S. I I I I I I I I I I II
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s0ociJI ald political fabric of Lhe nation and raise important qCestions of

maaagemcnc, ovrganization, and economics.',

TECHNICAL MEETINGS

The Comfnittee held its fourth technical neeting at the National
Bureau of Standards on 19 June 1963. The subject for discussion was "Methods
for lire Tests of Building Materials and Structures," broken down into the
following items: experience during building fires, fire endurance test
methods, material characterization, structural behavior (steel&) structural
behavior (concrete), spread of flame in build'ings two tunnel tests, and

a radiant panel test. Nine participants were Invited to discuss these Gub-
jects before the Cummittee and twenty-five guests. The Committee continues
to believe that the informality of these small meetings is inducive to a
freer scientific discussion than would occur with a larger audience. As
is usual for this kind of meeting, no record was made. Plans call for more
of this type of meecing during the coming year.

VISIT TO U. S. FOREST SERVICE LABORATRIES

in Sept.wher 1963, at th• LrtIVlLaLion of the Forest Service, the
Committee visited the Forest Service laboratories at Missoula, Montana and
Riverside, California. At rlissoula, one and a half days were spent in listen-
ing to presentations of the projects under way and in viewing laboratories
and experimental pcocedures. In Riverside, the Committee attended the

dedication of the new laboratory.
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OCD CONTRLACIORS CONFERENCES

The first sucti conference was held in Chicago, 10-11 October 1962.

The Executive Sc:retarv of the Committee attended and reported to the

Committee. The following June the Chairman of the Committee was requested

by the Office of Civil Defense to review a draft of the final report on

"Fire Storm Analysis" by the Armour Resesrch Foundation, one of the projects

that had been presented at the Chicago meeting. The Chairman's letter in

.-ply is .appended t Appendix E.

The second OCD Conference was 11, 12, 13 September 1963, con-

current with the visit of the Committee to the Riverside Laboratory.

In 1964, the Office of Civil Defense delegated the responsibility

for technical monitoring of its fire research program to the U. S. Navsl

Radiologicdl Defense Laboratory in San Francisco. (This change was consistent

with recommendations in Appendixes B and C of this report.) In July 1964,

USNRDL submitted to OCD a proposal entitled "Fundamental Fire Research Survey

and Requirements Study" as a background for future work under their newly

aý•,qui. rEsp,-mtbit uv. CD in turn requested the Conmittee on Fire Research

to give its views on the appropriateness of the study, approach, and timing,

and whether this would be a job that could, or should, be done Ly the crimittee;

and it so, a rough estimate of a resonable completion date. This was dis-

cussed at a meeting of the Committee in November 1964 and the Chairman wrote

a letter to OCD expressing the viewpoint of the Committee. (Appendix F)

The third conference of the fire research contractors of OCD was

held in Washington, D. C. 17, 18, 19 May 1965. Members of the Committee

attended, made suggestion& from the floor, and wrote letters of evaluation.

Two of these appear as Appendixes C and H.
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INTERNATIONAL SYMPOS IUM

The Committee on Fire Research co-sponsored with the Combustion

Institute two sessions of the Tenth Symposium (International) on Combustion

at Cambridge University, Cambridge, England, 17 to 21 August 1964. One

session was on Fire Research and the other a discussion on Aerodynamics

in Combustion. The discussion on Aerodynamics in Combustion was arranged by

Dr. E•,mons of the Conmittee. Professor Hottel served as Chairman of one of

the sessions on Free Burning Fires. Six members of the Committee attended

the meeting. The papers presented are published in the Proceedings of the

Symposium.

FIRE RESEARCH PROGRAM AT THE NATIONAL BUREAU OF STANDARDS

To assist the National Bureau of Standards in the consideration of

its fire research program, the Committee held extended discussions during

its meeting of 7 November 1964 and drafted a letter to Dr. Frederick Seitz,

President of the National Academy of Sciences for transmittal to Dr. Allen

V. Astin, Director of the National Bureau of Standards reviewing some of the

actions take"• by the Comnmittee on Fire Research and restating the Committee's

position with respect to fire activities of the National Bureau of Standards.

A copy of the letter is attached as Appendix J, together with a minority

letter report from one member of the Committee.

RECONSTITUTION OF THIE COMMITTEE ON FIRE RESEARCH

During 1964, the Committee began to think that it was time for

stocktaking. It recognized certain influences it had exerted in the fire

effort but, at the sam-e time, frustrations and some failures were evident.
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It believed that a reorganized Committee might be beneficial. Accordingly

in the spring of 1965, a letter on behalf of the Committee was written by

the Chairman to Dr. Frederick Seitz, President of the National Academy of

Sciences expressing views on the future of the Comiittee and recommending

names for membership on a reorganized Coamittee. The Committee broadened

both its membership and objectives to include the advancement of applied

research in fire problems. The Comfitte, believes that in so doing it can

be of more assistance to government and private groups in solving practical

fire problems while continuing efforts to stimulate needed fundamentl re-

search in the complex phenomena of fire. It continues to be available to

government agencies with fire interests, for suggestions or criticism of

proposed programs; and it proposes to handle specific assignments requiring

technical expertness in specific areas in part by ad hoc subcoumittees with

membership partly outside the continuing Committee.

Committee members now will serve on a three-year rotational basis,

with initial appointments for one, two, and three years. The Conittee has

the following new members, whose appointments bece effective 1 July 1965:

Walter G. Berl, Applied Physics Laboratory, The Johns Hopkins Uni-versity;

Perry L. Blackshear, Professor of Mechanical Engineering, University of

Minnesota; John Rhodes, Director of Engineering and Research, Factory Mutual

Engineering Division; George M. Tryon, Technical Secretary, National Fire

Protection Association; Richard L. Tuve, Head, Engineering Research Branch,

U. S. Naval Research Laboratory; Edward E. Zukoski, Professor of Jet Propul-

sion and Mechanical Engineering, Califcrnia Institute of Technology. Earlier

members who continue to serve with new appointments are: Professor H. C. Hottel
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(chairman), Director, Fuels Research Laboratory, Massachusetts institute of

Technology; Howard W. Emmons, Profesbir of Mechanical Enpineering, Harvard

University; and Walter T. Olson, Assistant Director, NASA Research Center.

WANOWER FOR AD HOC PAIEIS AND COftITTZS,

To make the Comeittee more effective, experts in specific areas

will be brought in as pro-tem members. A list is being built up ready for

use.

PROPOSED FIRE RESEARCH PROGRAM

A Proposed Fire Research Program was set up by the ComaLttee in

1958. At a meeting of the Committee on May 17, 1965, this was discussed and

it was recosmended that the Program be revised.

FIRE RESEARCH ABSTRACTS AND REVIEWS

After six years of service as Editor of Fire Research Abstracts

and Reviews, Dr. Walter G. Berl retired as of 1 January 1965; Dr. Robert

Fristrom of the Applied Physics Laboratory, The Johns Hopkins University

took over as Editor. The publication began with a small distribution list

compiled by members of the Committee and Conference. The present readers

belong to widely different groups: government agencies, the military, state

and city governments, private research institutes, universities, industry,

insurance companies, editors of other journals, fire departments and In-

dLvidual firemen, public libraries, trade associations, and various others.

Foreign distribution includes twenty-eight countries. A number of new

abstracters have been added.
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DI3•ECTO) OF FIRE RESEARCH IN THE UNITED STATZS

The Coamittee published the first Directory in 1%1 and a revision

in 1963. A revision to include work performed during the period I July 1963

through 30 June 1965 is in process.
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APPENDIX A

DEPARTMENT OF DEFENSE
OFFICE OF CIVIL DEFENSE NOV 6

WASHINGTON 2S, O.C.

Contract No. OCD-OS-62-287

Dear ýlr. Thornhill:

For the past several months the Research Directorate has been
exploring the possibilities of an effective research approach to the
mass fire problems, a met controversial area awong both authorities
and lay-en interested in civil defense. The need for definitive
information on the nature of fire storms and conflagrations in order
to develop countermeasures and design requirements for shelters is
yressing. Although a nurbe" of projects are being pursued in this
area, it is believed that novel experimental plans must be developed
if major progress is to occur.

A project concept has been proposed that appears at this moment
to offer great promise. It appears feasible to produce a mass fir*
over at least one square mile under controlled and inetrumented
conditions. This operation, which we aso calling Operation FI.AMBEAU,
could be in conjunction with reforestation operations of the United
States Forest Service in large burned areas of the western United
States.

The test would be in a fire-safe area. The test fuel would be
c',ags and other undesirable vegetation from the burned-over area.
The fuel would be arranged in masses to simulate the fuel quantities
of c nre-ted urban are•a. Representative shelter buildings, homes
with family shelters, and underground shelters of various desigas
would be constructed or mocked up among the "buildings" of forest
fuels. The shelters, the surrounding area, and aloft would be
instrun-ented to obtain the needed data. Fire defense and rescue
operations would be studied also. Participation by key DOD groups,
other Federal, State, and locotl Agencies, nongovernment groups,
and foreign agencies will be encouraged.

A feasibility study of the project concept will be conducted
to;

1. Explore the desirability and need for mass fire
testing, and the capability for conducting such
an effirt

2. Explore the critical test parameters, and estimate
the potential information to be gained
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3. Ycak a critical analysi6 of the project concept,
widh reco.-e:detions, and if warranted

4. It'epare a test management and experiment plan,
including data to be obtained, timing, and costs.

A Worhing Group will be organized to conduct this study. The
organization and indission of, and groups to be represented in, the Working
Group are listed in Enclosure A.

There will be a Steering Group to provide advisory and consulting
services to the Working Group through the Research Directorate on
Operaticn FLA.MBEAU. Specifically the Steering Group will:

1. Provide initial guidance for the Working Group, and

2. Critica.ly review the progress of the Working Group
at selected intervals and advise the Research Directorate
of their findings.

We request that the Coroittee on Fire Research undertake, as part
of the Scope of Work of Contract Number OCD-OS-62-287, to establish a
Steering Grout of nongovernment members to providr the above services.
We suggest that consideration be given to augmen' g the Steering Group
with such :1cople as Drs. R. Friedman, R. R. lo,' and H. P. Galliher.
and Visrs. 11. C. Thonas and W. Y. Kimball. The proposed membership
shall be coordinated with '1r. John F. Christian, Fire Research Coordinator,
who will b.! the Chairman of the Working Group at. the Steering Group's
point of contact in the Research Directorate.

We would like to have an initial briefing of the Steering Group in
conjunction with the presently planned meeting of the Committee in late
November.

Sincerely,

Director for Research

Enclosure

Mr. Dan Thornhill
Executive Secretary
Committee on Fire Research
National Acadcmy of Sciences
lational Re&carch Council
2101 Constitutiod Avenue
Washington 25, D.C.

2



AFFENDIX B

NATIONAL ACADEN1Y OF SCIENCES

NATIONAL RESEARCH COUNCIL

(.OMA MI11u ON FIRE RLSAXCH

AND THlE

FixE RI$EAMCH CONi'IWLNCI

OF 128

.,h . , .'uN OF LNU|NtEklING AND INDUTRIAL RESLARCH OTFICI•S
•344 ECO•.E1 ICVT WI-I . II W.

January 30, 1963

Er. WiVrer E.. Strop3

Diroctor for Research

Oýiico of Civil Defense
Do 2art,',2nt or Dofenoe

Washington 25, D. C.

Dear Dr. Strope,

At a mceting yesterday in Cambridge, four members of the
National Academy-National Research Council Committee on Fire Research
discussed your letter of November 6 and 4r. Christian's of January 15
and 23 to our Comnxittee. This is responsive to those letters and is
a summary of yesterday's zomments, but it is to be taken as a
personal conm,unication rather than as an expression of the official
position of the Fire Rosearch CommLttee, for the obvious reasons
that I am roleasing it without having it chocked even by the small
c•rojp that participated in yesterday's conversations to say nothing
of the fact that I have no way of being assured that the whole
Cor,.nittea would agree fully with its contents. By sending a copy
of it to the members of the Fire Research Cormiittee I am hereby
inviting them to write you their vies directly. If you wish
further to discuss the matter with our Committee after study of
this letter we shall be glad to reserve a portion of our next
Conrcnitteo mecting time for such a discussion and for presentation
to your organization of a perhaps more satisfying Committee consensus.

Our discussion of yesterday centered around the originally
proposed Project Flac..boau. We believe that the biggeot single
problem in the national defonse area in relation to fire is that of
acquiring Gufiic~lnt understcnding of very large fires, including
.ira storms, to pormit visualization and prediction of the effect

such fires on the probleoz of vontilation of protective structures
within the firo arca and on the sprei.d of fire at its edges. This
onOr-Oaflc question caniot be answered in our opinion, or experiments
ba oeffeuctively pl~cain-it to yLild U•ia i&,Wad•, un£til W.4 tL90%. ttiv

answers to many loaset questions; and a listing of some of those

i
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le•o-r queztionz in the approximate order in which they might
prOfitzbiy bo attacked, should be of help to any group planning
an experiuantal program on large-fire phenomena. The questions
that daserva study include temse:

1. Prow do regularly spaced fires interact? What is the effect,
on tha flow pattorns of rising hot gat col.ums in a gravity

jAcId, ci thi spacingJ of fires and of individual-fixe size?
(The unit fires o0 the cml-,pex must be of a minimum size large
cnough to cuarantea turbu)ent natural convection within the
fire pluzaeSo )

2. S/hat is the pattern, in time, of buildup of flows in
interacting fires?

3. What in the influence of the fuel bed, - its mean hydraulic"
.'u.,.'us and that of the internal air, - on the burning rate?

4, ;,at is the influence of randown3ss of placement of combustion
centers on the interaction phenosvna referred to in items 1

and 2.

5. To what extent does a large fire interact with atmospheric
lapse rate and humidity, i.e., what is the effect of the

lattir variables on the currents above fires of various sizes,
and on the horizontal inflows? (Both lapse rate and humidity
are included because the first determines the extant to which a
parcel of heated and combustion-moisturo laden air continues to
maintain a net upwrard buoyancy force as it rises into air which,
if the lapse rate is subadiabatic, will ultimately stop the
buoyancy; and the second helps determine the extent to which
the phenomenon of buoyancy creation by condonsation of rising
moisture laden air - analogouz to rain formation in tropical
cyclones - contributes a force to thw fire column.)

6. Is the peripheral inflow to such fire systems high enough to
explain fira-storn phenom3na? Sw does rotation in the

atmoapbere, - which is always associAted with the existence of a
horizontal gradient in wind velocity -, affect the flow pattern
around and through a fire on a control>lled area? Is rotation an
e3sontial inSrodient for fire-storm buildup?

7. ':aw do cor.ccntrations of CO?, O, CO and 3oMke vary at ground
lovel under various combinations of moteorological and target

conditions mentioned? (;I1.ero is an oxpoctation here of many answers;
c.rtainly no prosptct that sriko or CO concontrations found to be



r s- a jitt-tiv.. oi so:-e conditions of target and weather are
. aplicablc to other conditions.)

•.,;z, zxu difficult questions calling for a vory extensive
znd axpc¢._ivc reaarch program. They cannot be attacked all at
o.: • w•ith z-'.thing like tho economy of man hours and material
t.•�vould -ttenC thcir conzccutiVo attack, although several could
profitably be un6or attaci simultaneously. I cannot see any
"x.•a-ure o. success to be cnpectod from large-scale (mile square)
burns witi'iout sonto considerable headoay having first been made on
so;•. of the above seven items. So;me Ol them will of course
thc.T3elves involvu fairly large-scal3 field tests.

As to the axtent to which your present program embraces
atudios of the above typo, it is difficult from reading contract

:,''3s and progress reports to determine whether the seven
itoms c.aovo are receiving attention. I suspect that if they are,
it is presently quwbta Inadequate.

The above co..-nts may appear not to be directly responsive
to Mr. Christian's four points raised in his letter of January 15j
certainly, however, they are indiroctly so. But let me taka up
the four points more specifically:

1. "Committvaos comments on the present status of our fire
research program and approach." Our Committee has never

boon briefed by your contractors and is properly doubtful of its
ability to decide on whether a contractor has a valid conception
of his problem untxl we hear his own representative defend his
proposal. We are aware that this kind of assessment is costly and
time-conmuming and, sometimoa, an apparent duplication. When you
think the time is ripe for such a presentation we shall be happy
t.o convene a ieeting of the Fire Committee.

2. "What specific problo;s could be solved by short-term research
stulics?" Soma of thc preparatory work on fire-storm field

studies, items 1-. of tho above 7 items for example, could get
under way fast with largo laboratory and small field tests; and
associated developm.ant of thcory should bo initiated simultaneously.
I: an entirely different area, tosts of adequacy of several fire-
proof shulter c2rign• could got underway. A cheap and an expensive
prcsumod-to-be-fircproo± shelter design could each be tested in
t'i sama inten3ity of fira environment. Those tests would not
road on quc-tlo:; o: von'ilation based on any use of air drawn in
Arom the .2xte:-ior Uire area; they would simply anzoso the adoquacy
of a design for rcsisting fire for ono or two hours, would disclose
possibly unexcpctcd thcrmal leaks that would cause undue interior
temparature rise, etc.
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4. ".. :J .Lro testing is dasirable for our research problemO."
Thi3 'tom "-,a3 already received cor.3iA-erable comment above.

4. "T,,Ta of organizational structure required to undertake mass
fir, t:: tln-." This noeds more Firo Committee discussion before

wa3 can c*....rot cA:ctivaly. My porsonal view ic that an existing
larr• inu...t.'ic4 r..uarch conaulting laborator- group chould be
givan full rcspo.awibility for tho large-fira problem, including the
7 itoms abovo which must in some measure precede any vary-large
Sca1o t03stInj, wid including coordination and, in some caaoo,
perhaps reorientation of your axicting contracts in this area.

As indicated early in this letter, our Fire Comnitt"
plan3 an orly maeting. I suggest that Comeandor Thornhill and
you pick a data mutually satinfactory to our two organizations.

Sincerely,

H. C. Hottol, Chairman
National AcadamW-National Research
Council Comwittee on Fire Research
(but expressing pErsonal view.).
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NATIONAL ACADEMY OF SCIENCES

NATIONAL RESEARCit COUNCIL

COMMI'fEU ON FIRE RESEARCH

AND THE

Fiat RESEARCH CONFERENCE

]AILING ADDRESS.
2102 CQl,,It'lO* AV19.i. N.V. DI'Ib5ON OF ENGINEERING AND INDUSTRIAL RtESARCH OFlFCES:

W~aumooG' ZS. V. C. I IIe I ,oum. P-w.

July 17v 1963

Hr. Walamor Z. Strope
Diractor for Research
Offic0 of Civil Defeoe
Dopartaxt of Defense
Wsahlnsto 25, D.C.

",ylws ot t.e 1t Loual Acadu.ý'
Natiocal Resercb J Aounril Cntt4e
on Fire Research on Project fla•ew

Dar Hr, Stropet

At che April meeting of the Commitcee on Flire !,-arch of the
N.A.S,-N.R.C. a discunaion wes hold on the poseible merits of and Usaed
for a group of Civil Defense field tests on fire, pwmralLy referred to
as Operatiou Flambeau. Col, Xarr amd Mr. Christian of the O.C.D. were
prea•at, a•rd asked that the conmsenss of the meeting be covered in a
lottor to the Office of Civil Defe•"e. You will recall that Operation
Flamb has beon the subject of earlier =om es from invidual emiers
of our Fire Rusearch Comttoo (aegep. mW letter to you of 30 Jawryl);

tho views of our omIttes.

It is dualrable first to Agree or digree on the nature of th
need for and the objectives of Operation Flambeau. An examination of the
recorda of the two moetinas of the H.A.S.-N.R.C. Fire Resaarch Coumfittee
with OCD ropreosatativos indicatos Chat the OCD concept of Flambeau is that
it it primarily a series of effects tests, building up finally to a large
ftre, perhaps one mile square. As an indIication of objectives the following
phrases ora taken froa the minutes of the April meatings soae 4emmnomu of
fir. "are navor to be known and OCD does pot vant to waste time or mouey on
thoe thirit "; OCD is "interested in the reliability of shelters and the
"soery of people in them, couecquently in the anviromaext created by fire
storms, the nature of the air movoment, and oaWyan availability"; ",hould
poople move out of or into shelters in a fire atorl with respect to
fund rtal vs effects tests. "the urgency of t e CD question is such that
they muct work both sidas of the etreet". Out Fire Resarch C•oazttee
sympathizes with the"e objectives, and believes they are Included in the
following more %sneral statomeat of proposed needs in relettio to any
omtomlatad fire test &rtist
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There L6. need to kwwo

1Whether the tranciticra from conflagration to fires torm Increa56*
the hazards of Luicloaz attack

B. y affecting the problem of air supply to shelters
within the fire storm area,

b. By a.ffecting the capacity of firs-resistant 8ttriCturON
to give protection to personnel using them as shelters.

c, By effecting the exqpecte.. rate and magnituade of fire-
spread la the ovcat of nuclear attack and* thereby,
&ffectcia Any conclousoion -dI~aw frcm present av41yaess
of -gavinas achievable by various sheltor prcoomms.

2. Whether fir. storm~s affect any Gaileting plans to fight fires from
a nucle~ar attack,

3. Whether a better undeorstandirng of tire stores might suggest novel
spproac~hes to fire-fighting or containmnts

4. Whether. vithouac regard to the existence of fire storms versus
conflagrations, accamulated experience with large planned fire#
will significantly increase our understanding of some of the
fire problems associated with nuzclear attacks such as

a. the ccrastructioza of shelters to make thea fire-resietant,
b. the ventilation of! shelters,
c. fire-fighting problems#

Our Comadtvea concurs in the proposal of your office to proceed
with studies aimz~ad ait a better understanding of the problems of growth and
spread of large fires and protection socfiaso taio azý' t~ive hat tield
test# can be used effectively Co support heror.It is however doubtful
about tbe validity of what it believes Is the present OCD conception of the
program, and balieves that for the Furposo of clarifying thait conception
there to need, cn the part of 00D, for the followings

1. Closer coordiaiation of the efforts of your various contractors assigned
problems of large firom. To that and, either (a) development of ior-houe.

competence by emzploymaent, on an on-leave basis, of an engineer or scientist
familiar with fluid mechanics in relation to meteorology and natural compec-
tioa phsrhoana or (b) In the absotnc. of availability of such an indiviumual,
tbe placing of the coordinating responsibility with a contracting laboratory,,
- one of Vt! prsenar coatractors who has shown planning eteacs, or perhaps
a4 CAMDUG

2a Increased recognition of the fact *hat fire storms are of high coo'ple~xityg
that exprience with a single large-scale fire has a negligible chanc. of

increasing our kniwledge of fire starsw without extensive supporting knoviedpa
in the forn of research on both oxprimental and matbemetical models, That
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coobisiacLn of built-upaonu, combustibility, si•ultaneity of iFnition,

a8tosheric insability (as measured by lapse rate), and atmospheric
circulatioa (as w4-'owited b) horizoLtal velocity gradient in the approach-
ina wind) which I@ required to produce fire storms is now quite unknown;
&ad a siuk~le l•gre fire which does or does not produce a firs starm will
leave us with uw Lruved understandLn of what it takes to produce another
unless the teat is backed up by many smaller tests which have already &ivea
eoowuh partial anwa!ers to the problem to Ludicate a clear need for the larser
f ire as the next atold.

3. A plain stacnzzar of tho extent to which Flambeau to to be planned
prLwArily as a series of "effects" teats. While affect* tests appear

to be esasier to plan and interpret than tests Integrated Into a program
aimed at a broad understanding of ?.':e fire behavior, the differences are

subtle aud easily ial-sad-ing. Fro. i of the term "effects test" to describe
other effecto cf niuclear weapons one is easily misled into viewing fire
effect# similarly. But all fire "effects" depend on the general properties
of fire and ona is forced to conclude chat "effects" is uagd in contrast to
"behavior" to mean "a .esuaent of effects without underatanding or controlling
their causa". This Is possible, but only by statistical methodsj and no one
can rationally aiugest building up a knowledae of the characteristics of square-
mile fires by planned fire-setting if the results must be treated statistically.
This is ntoq uibbling cver words. The effects of a particular square-mile fire
can be e.aningleas vithout s-om unudrstanding of the factors which caused it
to behayv as it do and if many of those factors are quito liable to be entirely
different at the next li~ht-off. Soma of the effects of large fires 4c appear
in fires which ore not very large, and statistical atudies of field tests of
the•s•sallor fires z.y be feasible and worthwhile. But if the objectiv-3 is
to find, for e.A., the effact of fire sige itself by field tests, the chance
of getting anyw.here is qito nogligible without coordinating the tests with
experimental and .watho.tical modal tw-,-rk. If a oresentative time-temperature
c-.vo La 41usirsa tt. Leati•n atructures, one might learn somethingl but expeari.
once with larjo buildiIu fires has already given the fire engineer a probably
adequate curva sotr .ao a t•eting fire resistaince of structures. If a knowledge
of oxygan availability aad p'asance of contau•nants In the air is desired, we
already know thac at points on the ground midway between burning structurea
where there Is no burning rubble there is a supply of substantially uucontsm
aated air Iu cz&-n largo fires. But we do not know what fire storms do to this
picture, - what inteasity of buruin3 coupled with other not-understood pheboame
is necessary to invalidate the earlier conclusion as to ozygen avaLilbiity.

Since the members of the Fire Research Conaittoee have had an oppot-
tunity to react to my letter to you of 30 January and hav e preessd general
agroeenc with its coa.tnot, tho"s comment& may now be considered as srpk~gaaLt i
a COLttee consesus.

It i& well knon tAt the success of a research program depends
more on the quality of parsonnl involved than on the objective*s appearing in
enatract proposals writtn by profetmessial proposal-witors. The Comittee



Fir's R0Gr suffers frum znOt bmdAg heard directly f rom tb. contractorsivbo wivltl bbe rto tancarcsro. 4i wio~th ProJct Flambau, and ualvomce the Opportudagyi~ $ pt. .~ o b ..r~ rO r~sreports dir.ctly £ross thoso catrectars.

Very truly your&,

N.AS.-N.R.Co C*=~Ltt.. *a Yirs Ue"&n
IWilLica H. Avery
Horatio Bonid
A. A. Brmn
Howard W.~ £nmzoa
Joaoph Grumor

WaIter T., OLeou~
A. r. Robertsm,

a. 0. mett.1s 0batzum



AP'ENDIX D

Taken from A Study of Fire Problems

(Report of the Summer Study at Woods Hole, 1961)

CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

During the course of the summer study on hostile fire, certain features of

the over-all fire problem have been clarified in the minds of the participants; the
purpose of this se,:Eion is to discuss these features briefly.

The problems of fire suppression and prevention have been under study for a

great number of years by a wide variety of private and governmental organizations,
and at the pres';,t time sore Z0 million dollars are spent annually in fire-related

research and development work in the United States. However, most of this effort

is applied werk, a good deal of which is directed toward problems of satisfying

code requirements and finding -emedies for very specific problems. In addition,
because the effort is supported by a wide variety of organizations, the direction of

the total effect is diffuse, and areas of economic interest to the whole nation are

often of insufficient interest, to any one group, to produce a desirable over-all
level of attention.

The consensus of the summe r study group is that a fire group should be es-

tablished within the structure of the Federal Government to ensure that the national
effort. is a balanced one. This group would have as its prime functions the following:

I. The continuous assessment of the complete program of fire prevention

and suppression, including the fire-related research and development work being

carried out in the nation.

2. Based on the assessment of the national effort, the group should arrange
10o4 the execution of work iot adequately supported. Where pussible, this arranige-
sent Lshou!d take the forn. _ e.cco;;ragzrnv,:, ,.di- r fihwnciial support to the private

and puuiic organizations already carrying out work in the deficient areas. Where

necessary the fire group should actively support new work either by contract with

existing organizations or by work within the organization of the fire group itself.

To carry out these functions effectively, the fire group should consist of a
staff of technical people who devote full time to the project. Although the use of
consultants and advisory committees may be desirable, the existence of a perma-

nent organization with full-time director and technical staff is necessary. Of

equal importance is the assurance of a budget which would permit a suutained
effort.

An attempt has been made to estimate a reasonable budget for the fire group.

It is felt that an initial iznrual expenditure of about three million dollars would be

required. O- this sum, approximately one-third would be spent on fundamental
research problhms, one-third on problems associated with obtaining information

of a fundamental and .pplied nature from large-scale controlled or natural burns,

and one-third on btudies of fire-related problems in the areas of economic and

operational re,..arch. A& th,: program develops, greater effort in these areas
would be possible, and problems of an applied nature could be attempted in
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CHAPTER V1. CONCLUSIONS AND RECOMMENDATIONS

following years. The sustained effort requir.:d to support this fire group work

nay become as great as three times the initial effort.

It should be cnilhasized that the study group was aware of tt,' efforts pres-

ently beng made in induaicry and by government groups to support and encourage
fire-preve rtion and -6upFression work, One of the major functions of the proposed

fire group should be to stinmulate such work; and where feasible, the resources of
these organizationb should be used in carrying out the proposed prograr.'.

The purview of the fire group should include all aspects of the fire problem.
Thus, the group should be free to sponsor investigations of any problem which, in
its judgment, is critical. These in- -etigations should specifically include funda-
menial research problems in the pertinent fields of science, applied and develop-
mental problems, operations research, economic analysis of problems at various
levels o' government, and educational problems.

The sumnmer study group feels that a number of specific programs are re-
quired and should be initiated as soon as possible by the proposed fire group.
These suggested programs reflect the potentially broad scope of the work of the
fire group. General areas of interest will be discussed in the following paragraphs;
specific recommendations for action are given later in this chapter.

At the present time there exists a great body of knowledge concerning fire-
prevention and -suppression activities. This information includes areas such as

techniques for good public educational programs, good fire-fighting tactics, and
good professional training programs. Such information is used well in some areas

and not at all in others. One of the important actions of the fire group should be

to search for ways and means of achieving the adoption by state and local fire au-
thorities of the best techniques available. Similarly, the fire group should also
encourage the dissemination of fire-prevention information through the available

communications media, to reach the general public, and through the nupport of
regular and c,)ntinuing programs in schools, to reach the young people of the
nation.

In any study of fire problems, from the point of view of operations research

or economics, it immediately becomes apparent that a tremendous amount of infor-

mation is available but that this material is often incomplete, nonuniformnly re-

ported, or inaccurate, and that pertinent corollary data are often not collected at
all. In order to facilitate the useful collection of data, two programs should be
initiated. First, sufficient studies of the important economic and operational prob-
lems should be carried out to identify the desired information, and second, this
information must be increasingly accurate, collected in a consistent and uniform
manner.

The economic problems of importance certainly include the determination of
the best level arnd distribution of expenditures for fire-prevention and -suppression
measures at national, urban, and personal levels, and the examination of the
economic incentives which operate to reduce fire costs, In the latter category,
the de. rmination, allocation, and regulation of fire costs. including insurance
and taxes, should be studied,
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t:; cc.cicand the ope~rations -research studies should be directed at
~ ~rodn : esl,ýblibhing the best use of fire -fighting funds, For examplc, thre

Ji at W-CCe;_t rnQ %Aiztl ay Of dctermnining the relative value of funds spent on
fire-prcvcI.tioi, -'ork .ind on fire-fighti-,g equipment. The fact that a great diver-
blty of . iractices cxi~ts in the fire departments rf the United States sljggesto that
the heit practice6i may be aorted out by the correct operational analysis. In any
evenrt, tE.-, tcch-niquezi of operation"Il analysis should be used to extract as much in-
lori-ation as poibs ibic trom the fires wkhich annually destroy about 1. 5 billion dol-
lars worth of property.

Avail&LIQ tecFhni<ýied should be uded to construct model fires and educational
".garncs'' for the trainii.g of firemen and foe the evaluation of new fire-fighting
practices.

Controlled burt ing of co.,dcrnned structures or selected forest areas can be
used to obtain quantitativ'e iafJorrnation of interest in operational research and
fundamental ~nu ý,ppiied -.esearch. Information obtained from controlled burn.
can be an tnvdluable b~upIplement. to informnation which can also be obtained from
hobut:l fires. A major effort should be -made to deveiuop appropriate instrument&-
tion an~d necessary techniques for this type of investigation.

The fiie group should investigate the present national effort in applied re-
search and should support needed work. Because most of the work being done in
this field is supported by industrial concerns with immediate objectives in mind,.
the surrmer itudy group feels that bupplemnentary efforts will be necessary.

Finally, the bummer study group feels that the present effort in fundamental
research is relatively weak, The fire group should support work on fundamental

problemns covering the entire purview of the group. F or example, studies are

neLeded on such fire-related phenomena as pyrolysis, ignition, firec spread, atmoo-
pheric inturactions, fuel properties, effects of moisture, and extinguishment.
* *--Z-- -- - -r'~-- - -.... , ~ .

where necessary, should be carried out by the staff of the fire group.

The fire group should alba have the responcibility for translating the result.
of basic studies, as far as possible, into useful fire -suppression tools. Thus, the
ill-defined area between "fundamental" and "applied" work should receive par-
ticular attention.

.~a principal part of the translation mentioned in the last, paragraph, the
fire group should be retiponsible for increising the dissemination of infoim-ation
at all technic:al lcvela. The ýroup should hold meetings and support publications
with tr~c purpo-; of bringing the fire problem to the attention of the engineering and
scientificý comnmunity, increasing the exchange of information between scientists,
engineera. and profefibional fire people. Although a technical journal devoted to
fire prot;)ivrmi ma~y tie inappropriate at this timne, ai abstracting journal such ad
the Fire Ree..iAbstracts and Reviews serves a very useful function.

In thc: forugoing discussion, the ger.eral problems failing within the purview
0:t..- jruý,~ubL firt group are discussed in general terms. More sipecific recoin,-
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Recomrmendations

I. A fire group should be ebtablished within the Federal Government to take over-
all rcspons ibih, for the fire problem. This fire group should note and encourage
work now in prcrr.s as supported by diverse public and private units; assess
progres.s cor.tiriuz.lly; seek, encourage, and develop now ideas on fire control;

arrange for the execution of work not now adequately supported.

For theue purpoose, the fire group should.

I, consist of a director with an adequate staff of full-Lime personnel,

Z. be given authority and have responsibility to contract for necessary
work with universities and nonprofit research groups, industrial

concerns, and government organizations, and

3. be provided with a budget adequate for the work.

A first-year budget of $3. 000, 000 is suggested. Perhaps three times this
surn will be needed as the program develops, The fire problem, costing society
$5, 000, 000, 000 per year. deserves to be considered along with other national
problems of this magnitude at the highest levelti--the Departments and Congress.
The fire group should, therefore, have authority at this level.

II. The fire group should make use of existing public and private organizations in

carrying out its program.

111. '•he program of the fire group should include the following important activit'se:

1. Search for ways and means of ichieving universal adoption by state

and local fire authorities of the best techniques which have been
developed by the more progressive states and communities. These
include ".rernzmn c...ntw ;.i ,aiu;a•a, and profirs planning.

2. Support public education in fire-prevention measures and fire con-

sciousness. Additional study will be needed to develop specific

measures.

3. Collect, organize, analyze, and disseminate data on fires, The most
urgent need is a quantitative evaluation of the relative importance of

organizational and operational factors in fire controland their eco-
nomic consequences. To be useful, pertinent data of adequate accu-
racy must be collected in a consistent and uniform manner. This
will involve state and municipal organizations, and urban and forest
fires.

4. Study the economic aspects of fire, including common-pool problems
and cost-benefit relationships.
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5.Study the effect oni total fire cost of the variable factors of fire-
tontrol oanization. and rcapo)nve. These factors include leadtcr-
býp iire-iigh,-ting tactics, prefire planning, and personn~el training.
To carry through this study, a scale of "fire hazard potential" for
ý.reai c..a5tiiicaticn and a general meiasure of "total fire coat" should
It develloped.

o. .aietine deterrmination, allocation, and regulation of fire costs.
ir.cludinZ insuranze and taxes, required to promote more equitable
c~i:ribution of cubtb and to produce an economic incentive to reduce
rib k.

7. S~ipporL a %ide va riety of fundamental research connected With fire
phenomen~a, buch ab fuel properties, pyrolysis, ign'tion, fire spread,
atmosopheric interactions, effect of moisture, extinguishment, etc.

S. 5-i-port thobe special items o1 appiied research that are of important
.social conbucjuence but poor economic prospect. 7.-hese items include
sipcial hazirdb. tecit methods and standards, and development of

nwtecsý.niques lying betwecen funidamental research and commercial
exploitation.

9. Use controllcd burning of condemined structures and selected forest
areas to acquire data on fundamental fire phenomena and the re-
sponse of fire to extinguishing agents. Data should also be obtained
ýn the effect of the various organizational and operational factors

i;()above.

0.Dcvelop player-participation gannes for the training of fire-fighting
pcrbonre', for tI~e investigation of fii-c -fighting techniqucs, and for
the planning of interagency cooperation in fire -suppression activities.

11. Sponsor mneetirngs and puiblicationti as required to brirg the firc
problem to the attention of the scientific and engineering community
and to disseminate new knowledge to all interested parties.
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"Wune 27, 1963

f'z. Tohn Christian
Tzz..3 rch Divis~ion

Ozficu of Civil zefnize
Dc.pax-tmant of Defense
.ao Pont agcon

I; uton 225, D. C.

Doar mr.-. cliristiant

I hava apOnt some tima reading the Armour Research Foundatioa
Rcport "Fire Storm Analszie3 , the f9nal report an ARF Project A6004.
You asked for my CO•UMnts.

Part I ia a tjood start on the burning-plume theory, with
roro noaxly rigorous a3llwance for forces due to dmnsity variations
alojg the colim, -a due to combustiorn piogress than has býon done
b:fore_. Eowavor the following must be pointad outs The chief
cbjcctivo of tihu incroagod rigor of treatment must ba to detormine
ra2iaL valocitiou and gaa concentrations and tenmoraturen near the
r.road; and thoes objectivas will nover be achieved by assuming a

) Profil of prop; .... es. The author is aware of this, and
suzetso tho nood for a %ro esophisticated treatment which allows

iOc ground drag and for turbulent mixing at the plume boe.

It is intero~tlng to cozpare the results of Figures 4-11
with thoao obtained very sin"ply by w•Idorrod point-source thermal
plume theory (saa the dit.oad shoots transmitted to you or Col. Kter
from Dr. McRao on the day I called at your office). Point thermal-
source theory may be used only above the neck of the plume and even
then with recognition of its approximate character. According to
the dittaod notas, Appndix 13 to Section I, eq. 6:

Me vertical volocIty in given b

7 p

whet@)~* eih



i.,.ura 4 of the p:. s subject report ref=-s to structures containing

55,0,)0 l:a wood on 25x-,O sq. ft., and covering 50% of the ground area,
and to a total ground Lrea covering a circle of 5,000 feet radius.

uuzber of build irn units

tota6L pounds wood

/,' / on.u~ per second

.~ 1! j fractional gassificotion and
t; o 0.1 / ±heat liberationz- ai eu.

rC2Ot, i~~ ~r~celcolum vlociy conv o erso 238 ft/soc av

V 4 5008 2 b 0. 3000. . 78/o . 1to2 n2of09q "25x5OlO. 5/ 1x6o,/ .30XI ftA

c, J0
i;gc J.vs X1-x32 xO.34/l. c. 48xlo -6te(/TCe3.14xi4. 7xi44

Tako a haight cf 2000 foo t as baing w. af .ouvre the plume neck. - f
t%.3 can'* a of 0.17 ia used in tho al-Pve relations as in the subject
rchoxt, tgiv artical colun rn velocity is found to be 238 ft/schave
apOUi d30 frout, the subJct report, Fig. 4o and the column radiug
is t0 o vo about 32-. aow.v", t-f dittoed notes undi an a of 0.09,
;4ch gives uc or -364 ft/sfc i and r odlu e - 216 feet. (The subJect
rcport prs n.t isome results winth an h al tpunative a of 0.10, but
not for dthe conditions of Aic-. 4). 0a course thermal ofint-sizce
theory givou rtdiculou answors inear tho grour e but, as I have
pointed out, th subjeoto report g ou s nrt giave vbolo which a.xe goo
onnuýk to u fa bacauso of neglect uf drag, moxtnin, and riadil preport
variations nmar aa ground.

A much mre serious deft-onenty of the approach in the subject
rcp vrtis 10.ot is, as well an the '.;hrmal poitin-tource plume they
o•. tl._i dittc~d notes, indicates plainly th•at LA fire of t1 six*
k•,J--n V.z 1,"..,a produced f~ra-storms In Gormany,, the horizonta" veloc-
tiQ3 to bae xpact.d on the ground are far bolow tbhse actuall.,
c-%oDoz::.•-cad. Radial volocitiea war not .:alcul&ted in tJhe report,
butý the followinUag un•nt conatruct•wl from It should ba convLncings

'fh veticl i• , asunsdto lie all with"• the "radius of tho
colw.Ai1. Ft a altituda of 100 foot tho vertical moan volocity
within the column in about 65 ftca/see, and the column radius Is

-.:,ut 160 foat. Lut thef Ira periwetar is 2r•5000-33.,400 ft., and

, IV
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3.
-.;.I thci "r vi.±tivg±c' t~ho tire 100 feat up fio~ws inward throughv- v tic4 .icaA wal •-0 foot hich and 31,400 foot long, its

volccity Will X1, orly Ux160 2 x65",31,400x5O - 3.33 ft./sec! If all
"•.o aIr riving at 1000 foot up (whore the vertical volocity is
..,2:,/soc and t.U- :o!i•7 r-2diua 240 ft) flows in radially through
z ..-i a cual to thU fire porimeter timoA a vartical ditsance of
c*. Oo,' do t, thb radial inward velocity will be

•2~C~x%.S) " 35 ft/sOc.

or 24 railaoa an hau, possibly approaching but still sub-fireatorm
velocit-j. i'hat wouild r.zko the air feadirn a fire eolL_-nE at heights
u2 to 1.000 foat coma in through the perimeter so cloze to tho
';-our•? so thi5.n only tornado-type flow, whic . 7Q:
cz:iUting "circulationi" or horizontal crosa-wind volocity gradionts
in the air aiproachkag the firs. I therefore strongly rccommend that
if Axumou gc,-0 o0 with tha problem (and they have mrada good headwaW)
zourO conaidoratiozi bo given to t.h problem ,'f "circuLation" existing in the

atmosphere .W"
I z j-i nr.guad by tha troatmont of Part II which gets at

ocacr doficl ¢cj ty uso of turbunlot diffusivitie3 combined with
tho view of a firo as an oxygun sink. Of course the offoct ofbuanut forces on the mixing process and, thorethrough, on the
diffuA.vity may be much largor than the only effect allowed for in
tha calculatiors., tlat of horizontal Velocity on turbulent diffuhe l,-',ueo. it ir. porhap~i accidental that the raport concludes oxygen
will We dof-cient at 800 to 2000 feet within• the parimater of a
'3.rc~torm, va ou.ý" jjz'viouLaay-raforro4-to Aiý;tood rotos, p. B-4, which
givas an oxamplo of cjýygon running out. k, about 1/3 mile from tho

Q~~ ~ ~ I OA t' I -I heeiza
oxygaa supply problem inside a firestorm area but not that big a one.

For the racord, will you please azk Mr. Nielson this onei
I am not cloar on hio calculation of energy liberation. Does he
Gay that about 64 of the wood (the fire "load") appeara am, gaa and
tar abovo the sita, that trois corresponds to only about 30,. of tho
heat of corbuction of the original wood, that mince the la.ttr is
about 8000 Dtu. por pound the gases from one pounc. of 4load" have
a hoat o: CowbIL~tion of 8000X.30/.64 - 3700 Dtu/ib? IS that about
tho numbor by which the Fuel Gas Gneration Rate of Figs. 4-11 is
to ba m-ultiplied?

Sincerely,



APPENDIX F

December 24, 1964

/

," Mr. John Christian
• ~Project Coordinator, Support Systm- as e~arch

Oifilce of Civil Defense, Dapar•.zet of the Am

Oifice of the Secretary of the Army
.WashingLon, D.C., 20310

Dear John:

'While I was in Europe last fall you sent me a copy of
an X.R.D.L. proposal with a request for coment. On the faint
chance that my coiarne may have -sow pertinence despite the
long :apse of tim•e, htre It is:

1. You ask about the appropriateness of the study. It is
not just appropriate, it is necessary for a group monitoring
the Civil 3efense Fire Program to have a background of knovledge
of the kind to which the proposal refers. Acquisition of
that is ro much a part of the function of monitoring that I
an so.•iwhat pý.zzled at the suggestion of the need for a separate
contract to cover it. I had thought there already was a contract
for =onitoring. Another point under "appropriateness" is that
any special acquisition of competence through a survey opera-
tion i.s rost eifectlve if it resides in the individual having
-*'. ? 'i;,k responsibility for the monitoring operation. I am
r. rl-ar P's Lo the extent to which that is Martin's function.

2. The approach and timing. As to how much of the total
picture one has to get before settling down on a research
problem, that is hard to answer. Certainly much less than
all of it if the investigator is himself to imitate research
ther-f.tcr; broader, but in less depth if his is primarily
a responsibility for coordinating or monitoring. If Martin's



objective is self-preparation for research it appears to me more
sounJ for him to focus in his survey, on an area which meets
the two criteria: (1) he already knows quite a bit about the
iield, and (2) it has ultimate implications to the C.D. pro-
gra=. You can see from these coimmnts that I am not clear on
the objective.

Another point under "the approach". I have reread the
old N.A. - N.R.C. Committee on Fire Research Program!". While
it is too broad in its objectives to fit C.D. needs directly,
it appears to me to offer a reasonably good framework on which
to hang a now outline. I have photocopied and enclose a few
pages from it, and as I read it, I see much applicability to
C.D. In many areas, of course, significant work has been done
since it was written; but =ost of the problems presented are
still not understood.

3. Is this the kind of a job the Fire Comittee could do?
DefinLtely "no", as a committee. Several of the individual
members could be helpful in spending a few hours or a day, one
at a time with Martin or whoever did the job - preferably after
he had got far enough to have partially crystallized his own
ideas of an outline. Blind spots could thus be found, or chan-
ges of emphasis suggested. I would be glad to sit down with
him, and I think Emnons and Olsen and sow of the others would.
And we could perhaps be helpful in suggesting experts in specific
areas.

If you have not already taken action, my recomendation
is that the job be done. I am only puzzled that it is not
considered automatically to be a part of the monitoring ac-
tivity.

Sincerely,

H. C. Hottel, Chairman
N.A.-N.R.C. Committee
on Fire Research

HCH:an
cc. to Mr. Ahornhill
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*~V..... V? TY~. UAVISION of ZKOINE~ftIN8 AND APPLIRD PNYei's

G~L S0.; kASbAC&4UG1RYY *&%as HO0WARD W. V.UMONS

uGORaO .&^ M5YpnVo8S0 OF UgWANICAL UNG1149C*INO

VAy 20, 1965

D . C.

- ~ '.:a . you a, nczz on s3 of ny r.=ations to the
Sox azy nt. -vh'!nc~zday =~ruing&. This is Che second

~h r...... ..... ' z 1acrded; the X-irst nearly two years earlier at
.. t. vcsidle uzetin-ri, I was very favorably impressed with

_op ),.,ored. At tha~t ti=.;, it was largely designed to
- ---. -.- t..:vty zrzwazz to i~.adiata pzoble=., together with studies

_-z-; ~ o, .. zz o ni;-' t.%=e ensw,;rs better., both in the
- ~ by 4= gathering te-h±quc.z, and in the =ore distant

-7-d~ 4'udy ol iizportat detailed problems.

...:, o: yc.arc after tReivac_:Ade presentations,, I listanad
-. ~ ~ ~ -l t.: ... he story., but this time I am dis-

Z-. 7%.'a: ye".:z z1-houlce c.&ve bacr. sufficient to have =ade
1.~ u z . .. .i li and ir4.;iatioa of som., of the zore long range

zzan an ao=t e-:cl~usive concern orthe quick and dirty
eQtzc~d hera and ther:3, in fact, sor-e dissatisfaction with

ol sp~r for progra-a %i-ijch tight go on from where we are now.
.. 'Gýt -or a voice in the back of the room objected to

nc-n ct:;ics V-.ich appe~ared to the spacker to be a duplicate
~ o~ ~cfira in coimp-atition with an asseasmtnt technique

!.z c._zrzL codcd u-. and opcratizkg on various computers. I also
.~ c:.atic. zrs the front row i~edictely thereafter saying that

wzs -.o,. a dup~lication. Hlowever,, it sure listened like duplica-
.i-z:. :0 h.:.v - no doubt that the present casessment position will

-:..:y hc-ztco zn1; wn ill ne~ad rmuch new data, some of which is
auz- o1- uhich is of a fundz~entaI. r=chanistic nature,

:.~ :~ :s~s~n~ yttem vill have to be Modif'ied rnd improved
-zaccuired, but _-y nt tcmpt at dsveloping the* assess-

- y~ tý _ tc t the ncý- dztz ---d neaw knowledge is a waste of
~c:-z.zyj, z-A1 he..rd sevar-z.1 co-azzactors talk about what

S...ZL-.... 1 0A) at D:Zr: Of the iLssezzcant system.

* - a2;:~yzCa~znt to fir.-d that the cechnical work one has been
iL '_ nz.. Ct 1 ~-lad of the opportunity to explain so---

o: :.e '-*'.c~ ~zty fIe wihirl work to interested contractors.
W3:'ý -:. c o~v-vou beaz-ir. o.-. the diccussion3- of the meaninG of the

*ctAvailable copy



Dr. Jrhn F. Christian -2- May 20, 1965

t•-r-s "'a.:.,- fire" ard "fi:- storm." It is always nice for a group to be

able to gc-t together aad have a frie.ndly argument over a topic of this kind.
The fZct that such an argument can take place in 1965 is, of course,
evidlerze that for the past 20 years, since World War II, OCD has neglected
t-o'a its ho.aework proper:', since "f any significant work had been done
a 1 anl, sn.rz would have emerged by now -- answers taking the form of an

.r.ing ,of the effec:s of atmospheric stability, whirl, and fire
.--. dcv.Aopxcnt. While it is pleasant to be able to contribute to such

-.iacu~sion, it is rcther horriiying and disappointing to find that one
.:r'-csa graduate studenz is doing all the work of the entire country aimed

cla ifyi.ng chese questions. Where is your fundamental program?

I wcs disappointed and disgusted to realize that the United States
... il doe.j roorir.a to change the situation for 1975 or 1985. 1 can well
imgone attendina another session of your, or of your succasor's,
contractors in 1935 arid to participate in another pleasant discussion about
a possibl. mzanir.g of mass fire and fire storm. What I am really complain-
in,-. -bout is what I regard as an extremely shortsighted unbalance in your
prcgrz=. ':. parts of your program that are aimed at immediate answers,
p&rts of an ad hc, research nature are, of course, all necessary and
I would be even =re disturbed if I saw a program consisting of nothing
but •..a".antal research, but 10 or 20 per. cent or so of your budget must
go intc fundamental research, or we will still be without answers to
bafit cue-stions 10 or 20 years from now. I can see no excuse for the
neglc: of' the fundamental parts of the program. It is not even good
en3i:.._ri..• in 1965 to neglect parts of an effort which has a potentiality
of la:ding zo precise answers for the future. While I am glad to contribute
to the lip service part of a basic program as exemplified by the sessions
at the Society of Fire Protection Engineers, I regard such efforts as
pri-.rily aim-d at the education of fire protection people in their need
for e bas-c knowledge. Presumably you are already aware of this need,
but your progr&u suggests that it is only lip service.

* You suggested that I should not "hold the hornes." Furthermore,
'I .ssure you that if you think the proper disposal of this letter is in
the wcst:ýa•..t, It will not hurt my feelings either, but I do think your
studies of prohlems have easily advanced to the point where certain basic
13tudie aze cicarly a necessary part of a good program in Civilian Defense
S i....• fire, and I hope you will take contract steps to implement them.

Sincerely,

Howard W. E----ons

SI.

cc: D. L.'rz-" AvCC.L. Poor,ii7stA aia leC p
!v~fbeC 

p



Appendix H

Conuents of H. C. Hottel on OCD Fire Research Contractors' Program

Presentation, 17-19 May 1965

My general impression was that there had been a marked improvement

since the last report session I attended two years earlier, in the .organiza-

tion and correlation of the program, that the effect of putting technical

guidance largely in the hands of a single laboratory group had been in

general salutary, and that there was nevertheless evidence of considerable

contracting for rabbit-out-of-the-hat results, particularly in the area of

operations analysis where a model of firespread was still missing.

In the narrow technical sense, operations analysis for planning

purposes works with what has happened--with what we can infer about the

elements of a system, from past experience with various systems composed of

those elements--to predict what will happen if those same elements are

assembled in a different way. For example, operations analysis to decide

where to relocate fire engine houses in a city depends on (1) availability

of a large body of data on past city fire experience, related to variations

in traffic, equipment, and buildings; (2) the development of models (a) of

interaction of traffic patterns with engine delivery to sites, (b) of fire

growth in relation to intensity of attack on it and elapsed time from ignition

to attack; (3) the use of the models, plus the data, to reconstruct past

known performances of past known systems, to see if the proposed model properly

predicts what is known to have happened; (4) the modification of the model to

bring it into line, and perhaps the accumulation of additional data to fill
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out an obvious blind spot; (5) finally, when the model has proven its validity,

its use to predict the result of proposed changes in equipment design, city

design, traffic handling, or what have you, in arriving at the best new

combination of the elements of the system. The solution has validity only

if either (1) all elements in the new system were present in the old one,

or (2) those present in only one were unimportant in either, or (3) the

model is sufficiently sophisticated to allow for the absence of the effect,

in perfirmance data from the past, of elements unique to the new system.

To tal n infinitely simpler system as an examle, no fluid mechanics

expert would claim that any amount of data taken on laminar-flow systems

would predict much worth recording concerning the performance of turbulent-

flow systems unless keyed to a model making up in sophistication for the

complete lack of experience with turbulence.

our experience with very large fires is quite negligible (from the

possibly seven £frestorms created in World War II we know almost nothing

quantitative); and we have no experience with large fires set by a near-

simultaneous ignition process. We know so little about fLrestorms* as not

to be able even to design field experiments to study them. No amount of

navel-gazing will supply a systems analysis with the capacity to predict

what happens in firestorms if no data are available to support a model.

We need meteorologists and fluid dynamicLsts supported on a significant scale

for laboratory work; we need top-flight applied mathematicians to get at the

effect of lapse rate - an effect prohibitively expensive to study on a full

scale, at least in our present state of ignorance.

*This term is used in the narrow sense of fires which amplify local atmospheric
"circulation" effects atid are akin to tornadoes.
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I am not suggesting that we do not need to know the results of

present systems studies of what kinds of problems will be created by fires

in large cities; and I do not deny that many of these problems are but

tenuously related to our genuine understanding of the large fire. I do say

we are leaving out of the program the facing of the question of whether large

nuclear fires are so far beyond our experience as to call in question mich

of our planning concerning coping with them. And the peacetime byproducts

of a better understanding of the physics of fire growth may well be - hope-

fully will be - a major useful product of our civil defense effort.

Another area of deficient factual knowledge in relation to the

construction of any predictive model for determining city fire effects is

our inadequate knovledge of (1) the density of ignition centers and (2) the

spreadability of fire as affected by building density and quality. I am

encouraged by the work on the first of these areas but consider it inadequate.

When a large fire develops from a nuclear attack there will be a ring area,

spanning an irradiation impulse variation from perhaps 5 to 50 or 100 cal/cm2 ,

in which the number of fires initiated per acre is directly dependent on

the area density of ignition or kindling sources. Knowledge of the coordinates

of the S-shaped curve representing the probable cumulative number of ignition

bources per acr-e as a function of the size of the available thermal impulse

can be very important or almost beside the point, depending on what kind of

results one wants from a study. This is no plea for knowing the distribution

function in great detail or for using it in all its detail on a particular

problem. Btit it is a key part of the raw material from which to construct

simpler mvdels adequate for specific purposes; and the systems analyst needs
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all the help he can get in this area. With respect to the second item

mentioned - spreadability of fire - the aid of fire-protection engineers

(particularly from insurance companies) in all our major cities should be

enlisted to map these cities in some kind of graded scale of vulnerability

to firespread. Fire maps exist for many cities; they need revision in rela-

tion to conflagration conditions.

I was extremely unimpressed by one Contractor's fancy block diagram

constituting the main theme of the oral report and showing how the Contractor

planned to use as "inputs" a combination of "empirical data' and "theoretical

studies," leading with arrows to an "analysis" which ifn turn led to "outputs"

labeled "build models" and "determine implica ions'." How may thousands of

the world's problems are covered by so general a diagram' Who can pass on

whether a:,ything will come of it?

It is difficult to comment on whether the effort is well balanced.

An analysis of some 25 of the 2500 Series on Fire Effects and Protection

indicates that they can be divided into some 6 categories: fire behavior;

assessments of weapon capabilities, urban vulnerability, hazard and expected

damage; fire surveillance and couxnication of information during attack;

rescue; equipment development. The size of these programs not betng indicated,

there is difficulty in concluding much about the balance of effort. No one

can deny the significance of the items as listed. As can be inferred from

my earlier comments, I believe the program is weak in the area of fire be-

havior, though I sympathize with the coordinators on the enormity and

complexity of the overall C.D. problem.
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Durii:., the War, I had responsibility for NDRC research planning

basic to UL'S 'ndiary bomb development and assessment of fire effects oi pro-

posed raids. We felt time was so precious that the work on understanding

how bombs ignite wood and on how fire spreads was cut short in the interest

of getting on with bomb development itself. We paid the prtce of th~ving

later an inadequate basis for convincing the military that we could in fact

estimate bomb effects, and at war's end were engaged in projects belonging

at war's beginning. Fortunately, we had developed some good bombs, but the

lesson was driven home that with all our experience we did not understand

the process of ignition and fire growth. We know more about it today, but

we don't begin to understand large fires.

January 1966.

est Avai/, 51bl CoQy
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In Octc%.r 1551, Clh3 OC,-__.Lc. on Fire LCd its C.).'Ioval of
t"-3 ctildy '~z2i~ ~to crteliah. 4 Zcýýrcl Zira~ C-zu' zz* ar

z~~,crz.d c%-'v.vt,.eQ in %P. it conuic2zred an o:Znr o-A ~cc.it
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NATIONAL\\ FIRE PROTECTION ASSOCIATIONSINSSMAIIONALi
fo 7-,.'\ 1 IXICUTIVI O@FICI, 60 SATTISEMAICN STIlE?. BOSTON. MASSACHUSITTS. U.S.A. sille

ored 5 lu 1- " .Icemde-PSI D"Aw DW J.• rA•-: W

November 20, 1964

Professor H. C. Hottel, Chairman -6, 30 A60.,f=UI
?NAS-NRC Committee on Fire Research -' • M i- r

2101 Constitution Avenue, N. W.

Dear Hoyt:

I f'eel that the letter you have drafted to the President of the Academy
misleads him as to both the nature and urgency of the fire problem. If you
send the letter, please send with it this letter to register points I am
sure he would like to know about. Please send with your letter the original
of this one as I would like Dr. Seitz to see the list of organizations which,
through membership in the National Fire Protection Association, are supporting
work on fire. This list is on the reverse of the NFPA letterhead, so I am
sending you an extra copy of this letter for your own file.

1o
In the list of events you cite, the National Fire Protection Association

and its interests are deprecated as somehow sub-scientific. I would like Dr.
Seitz to 'nov that NFPA van organized "to promote the science of fire protec-
tion," 60 years before the Academy's Committee on Fire Research was appointed.
IUPA has defined 122 major subject areas of the fire problem and has technical
committees for each. The Association has developed a rich technical literature
and by meetings and discussions and publications provides for an effective ex-
change of scientific and technical information. The Association has 1,414 per-
sons presently serving on technical committees and over 20,000 members.

A majority of the Committee are combustion scientists. I think you regard
it as axiomatic that persons familiar with controlled combustion can contribute
to the solution of problems of uncontrolled combustion, but I do not think that
this necessarily follows. The 'Tire Research Program" you identify was hardly
"extenaive study" in comparison to the attention people, associated with the
MPA have given fire research. The proposed program is narrowly orientated to
combustion science, but the real significance of the fire problem lies in the
fact zhat there is practically no human activity which it does not touch, nor
any science which does not, to some degree, apply to it.

One paragraph of your letter observes that the proportion of work of in-
dustrial laboratories that is devoted to basic research does not meet the U.S.
needs for long-range fundamental research on fire. The Directory of Fire

W l|aZN ilt l, ::: d * .PWAlD C. WOOD. Y... N..4da1 W P.FA C. LAM$. Vim P-&W..d..d * P i t. A P J2. 8f . .,P •V.LI-bf 'uI. cat...... loca

DuctICT luGIl e7*.,J H*Qo- M * CNARAI L. MOISO .a,. Omew I M.*..j * Mesew NOWa bIsik Ch O .fo f % @108844 K. ?TO4N rtl&.r1. £.lm

4 14^0V U3@tL A WCAONA 66ALIAON . l.uaa Ak .I" ac Wi .. 4d impt.. LA. sA04. of Am pr.adit in an potpeuiv*; to "Lin end i rtuma
?"i. #an OA". .a4judo .DO &# ascw. Mk. co-opuation 0'" wws. 4%Av. d LAt PS'wm. i .i&dlihaA sr-pw aq/.M d iJ sf a . ~md 400M .dwptaplp b~ re



Pr f •dfO:dIL C. .ot..u.-2- November 20, 1964

eoeegrch prepared for the Co-mittee on Fire Research shows about 100 agencies

in the U.S. with some fire research interest and capabilities and about a dozen

with major plants and personnel. Your general statement about basic research

is unsupported by any real appraisal of the basic research done by individuals

associated with these agencies or by the hundreds of other agencies associated

with private industry. If, regardless of where it is done, the total of fun-

daenotal research is inadequate, this could be true; but, otherwise, the state-

=eat Is a condemnation of industrial laboratories.

I do Z.t think that fire research is effectively promoted by having a single

center. A single center would tend to discourage work by others. Also at a

single center, work is not exposed to competition. In place of a single center,

which the British have chosen to provide, the U.S. has many. It is true we do

not have its counterpart under one management, but we can much more than match

it in respect to number and competence of scientific personnel and in plant and

equipment. Our fire research effort has a vitality unmatched anywhere in the

world, even when recognizin- the outstanding individual in the Bitish and

..' -- :,rs. G--' supariority lia• in the fact that our effortz -ro

dependent on more than one caragement and on a variety of interests and uotiva-"

tions which produces a healthy and vigorous program. You fail to reveal that

the British have :ied to avoid the perils of single management by an arrange-

ment where the British fire insurance companies share the management and support

of the British organization with the government.

The use of statistics indicates that the Committee is thinking of specif-

ically oriented work which would necessarily be development research and testing.

Yet at the same time, these are distinguished from fundamental research. There

is confused argument in this. Furthermore, the statistics of fire losses you

have quoted from the October 1964 NFPA Quarterly are particularly misleading.

The article specifically stated that the figures should not be used an you have
used them. Comparisons between countries on the basis of the figure& you have

used are not only "difficult," as you say, but quite improper. Also, fire losses

have been materially reduced in the- U.S. The annual figures are only a fraction

of what they were a hundred years ago. With respect to both life and property
exposed, the losses are less than half what they were 40 years ago.

I would not like to see the NBS fail to get support for appropriate work

because, at the urging of the Fire Research Committee and the Academy, it asks
for an open-ended program. The figures suggested by the Summer Study of three

to nine million dollars and in your letter for 25 to 50 research people are

literally pulled out of the air. The recommendations expressed by your letter

could lead the NBS to compete with numerous existing programs by other govern-

ment departments and private industry. I heartily concur with the idea that
the NBS should put its best foot forward, but if it asks for a program beyond

its immediate capacity, it would be regarded as an attempt by government to
supplant private fire research agencies. However, the fire research agencies
of other government departments can support NBS work to any degree they consider
appropriate.

Sincerely yours,

HoratiBnd
Qbief Engineer

B: lq
Copy to Yembers of Committee, D. W. Thornhill and Dr. R. X. fristrom



THE NATIONAL ACADEMY Of SCIENCES is a private, honorary organization of
more than 700 seclntists ard ongineews elected on the basis of outstanding contri -
butions to knowledge. Ebtablished by a Congressional Act of Incorporation signed -

by Abraham Lincoln on March 3, 1S63, and supported by privte and public funds, - .
the Ac•der'- wao, k, furmther soience ard it, uts for the general welfare by bring- -
Ing together the most qualifed individuls t, deal with sientific and technological

problems of breacd signiflicance.

Under the terms of Its Congressional charite, the Academy Is also coll.A upon
to act as an 6 ffk0lcl-yel independent-.-adviser to the Federal Goernment in any
matter of science and technology. This pro'iskn accounts f.. the close ties that have
always existed betwegn the Academy and the Government, although the Academy
Is not a governme, al agency and Its activitis are not limited to those on behalf
of the Governmen

THE NATIONAL ACADEMY OF ENGINEERING was established on December 5, 1964.
On that date the Council of the Noal'nal Academy of Sciences, under the authority
of Its Act of Incorporation, adopted Articles of Organization bringing the National -N
Academy of Engineering Into being, independent and autonomous in its organiza-
tion and the election of its members, anc, closely coordinated with the National ý-
Academy of Sciences in its advisory activities. The two Academies join In the further- A_
once of science and engineering and share the responsibility of advising the Federal -
Givernment, upon request, on onr subject of science of technology. .•.k 4 -

THE NATIONAL RESEARC." COUNCIL was organized as an agency of the National ,4;

Acemy of Sciences in 1916, at the req'uest of President Wilson, to enable the
broad community of U.S. scientists and engineers to associate their efforts with
the li ited membership of the Academy in servirw to science and the nation. Its
members, who receive their appointments from the President of the National Aca-
demy of Sciences, are d,&awn from acadeonic, industrial and government organlza- - -
lions throughout the country. The Notional Research Council serves both Academies
in the discharge of their responsibilities.

Supported by private and public contrlbuvions, grants, and contracts, and
voluntary contributions of timoe ~nd e"! by -ever! thtý;n of thi. fuiuun' leacd-
ing scientists and engineers, the Academies and their Research Council thus work
to serve the national interest, toý foster the oound development of science and
engineering, and to p•omote their effactive application for the beneitl of society.

THE DIVISION OF ENGINEERING AND INDUSTRIAL RESEARCH is one of the eight
major Divisions Into which the National Research Council Is organized for the con-
duct of ;ts work. Its membership includes representatives of the nation's leading - •' I
technical societies as well as a number of members-at-large. Its Chairman is ap-
pointed by the Council of the Academy of Sciences upon nominatior by the Coun-
cil of the Academy of Engineering.

THE COMM/TTEE ON FIRE RESEARCH functions within the Division of Engineering

and Industrial Research to sftniatet and oviose on research directed toward the
development of new knowledge and new techniques that may aid in preventing
or conrvoiiing wairtime and peacetime fires. The Committee was established In Uz-
December of 11ý55 at the request of the Federal Civil Defense Administration. It
is supported by the Offc of Civil Defense of the Department of the Army, the I
U.S. Depot-ment of Agicuture through the Forest Service, the Notional Science

Foundation, and the National 111owu of Sandearr1. az_
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